e report the mid-term results of femoral impaction grafting which was used in 53 patients during the second stage of a two-stage revision for an infected total hip replacement. We reviewed all cases performed between 1989 and 1998. All patients underwent a Girdlestone excision arthroplasty, received local and systemic antibiotics and subsequently underwent reconstruction, using femoral impaction grafting.
Infection is still a major complication of total hip replacement. The best results with regard to the eradication of infection have been achieved with a two-stage revision procedure, [1] [2] [3] [4] although some authors advocate a one-stage revision in certain circumstances. [5] [6] [7] [8] [9] [10] [11] [12] Revision surgery in the presence of poor bone stock is usually associated with an inferior clinical and radiological outcome. 13 Extensive femoral bone loss has been regarded as a contraindication to reimplantation or a three-stage protocol has been proposed with bone grafting. 14 In our original series of patients with impacted cancellous grafting, 15, 16 there were three with previous infections who had radiological evidence of reconstitution of bone stock and no recurrent infection. We have therefore continued to employ this technique at reimplantation in all cases in which extensive bone loss would justify its use. We now report our mid-term results.
Patients and Methods
Between 1989 and 1998, we treated 53 patients who had undergone a Girdlestone excision arthroplasty (GEA) for deep prosthetic infection and who also had substantial femoral bone loss, such that they required femoral impaction grafting at the second stage. There were 27 women and 26 men with a mean age of 69 years (44 to 83). Infection was diagnosed from the clinical history, radiology, culture and serological investigations. All patients had had a draining sinus or a positive culture or frank pus at the time of the GEA.
Of the 53 patients, 38 had an infected primary hip arthroplasty and 15 had an infected revision arthroplasty. Of the latter, seven were first revisions, and six second revisions. Two patients had already undergone three or more revisions before their GEA and two had had a previous two-stage revision for infection.
Nine patients were under our care for their initial procedure, and 44 had been referred from elsewhere, of whom nine had already undergone a GEA.
Seven patients have died and 46 remain under review, two by telephone or post because of residence overseas. None of the deaths was attributable either to the infection or the surgery.
The time from the initial procedure to the GEA was very variable. Nearly half of the patients underwent a GEA within three years of their primary procedure. A late group of seven patients became symptomatic ten years or more after their initial procedure. One developed symptoms within two years of fixation of a periprosthetic fracture and the other six had a clinical history of pain after distant infection.
After diagnosis, a GEA was performed, with removal of cement, followed by variable periods of traction, and administration of systemic and local antibiotics. The results of cultures at aspiration and at GEA are presented in Table  I . No patient required further operative debridement.
The mean maximum elevation of C-reactive protein was 119 (26 to 222). It returned to normal after a mean of 76 days (9 to 376). Second-stage reimplantation was performed at a mean of eight months (1 to 60) later, but this figure is skewed by the inclusion of secondary referrals of patients who had already had a GEA. The patient who waited 60 months between stages, for example, was only referred at 48 months.
We performed femoral impaction grafting using fresh frozen allograft from our bone bank. No irradiation or pasteurisation of the bone was carried out. All donor bone was cultured at the time of harvest, and at the time of use. Intraoperative cultures were taken at the second stage before the administration of antibiotics.
Impaction grafting was performed in the routine fashion, after reinforcement of the femur or repair of uncontained defects using combinations of mesh/wire/plates/strut grafts as appropriate (Table II) . The variability reflects the evolution of our surgical practice; current techniques usually involve mesh and cerclage wire.
During reimplantation, local and systemic antibiotics were again used. Antibiotic Simplex cement (Howmedica, Limerick, Ireland) containing colistin (3 million Units) and erythromycin (500 mg) was used in 49 patients, and Palacos cement (Heraeus Kulzer GmbH, Germany) containing gentamicin (500 mg) in four. Heat-stable antibiotic powder (vancomycin, gentamicin or flucloxacillin) was added to the cement in 14 patients and one of these or a cephalosporin (heat-labile) was mixed with the allograft in ten. The combinations used and those in which reinfection occurred are shown in Table III . The dose of added antibiotic powder varied greatly. The duration of treatment with systemic antibiotics varied. Most commonly, routine prophylaxis was used to cover reimplantation, consisting of a firstgeneration cephalosporin and metronidazole for 48 hours, followed by specific therapy against the previous organism. The mean duration was 79 days (1 day to 5 years).
Results Table IV gives the details of the patients with positive cultures at the second stage with their previous culture results. The presence of coagulase-negative staphylococcus on enrichment on a single plate was taken to be a con- taminant and recorded as a negative culture. It was seen in six patients. Six samples were usually taken and two or more positive cultures of the same organism were regarded as potentially significant. 17 The fact that two of the three patients with a positive culture at the second stage were reinfected by their previous organism is interesting in terms of the success of single-stage revision, and also may be an argument for using peroperative frozen section.
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Radiological findings. The angles of the stems within the femoral canal, based on the anteroposterior (AP) view, ranged from 6° varus to 3° valgus; 40 stems were neutral. Heterotopic bone was assessed by the classification of Brooker et al, 19 based on the latest AP radiograph and compared with the postoperative view (Table V) . Subsidence within the cement mantle of a polished stem was assessed on serial films. 20 This represents fixation by the 'taper-slip' principle and is not regarded as failure in the absence of other adverse clinical or radiological features. Only three of 53 stems subsided by more than 2 mm within the cement mantle. One subsided 7 mm in two years and then stabilised, and another subsided 4 mm. Both sustained periprosthetic fractures below the tip of the stem, which were treated by internal fixation without disturbing the stems. These patients had Charnley hip scores 21 of C 6,2,5 and A 6,6,6 for pain, function, and range of movement, respectively, at the last review and were regarded as being clinically successful. The third stem subsided 15 mm after reinfection, with reformation of a sinus. The prosthesis remains in situ. This patient had a poor clinical score (Charnley hip score B 4,2,6) and the reconstruction was deemed to have failed. Subsidence at the graft-host interface or within the graft was not seen in any patient (Table  VI) . Lucent lines were recorded at the cement-graft and grafthost interfaces. Cement-graft lucencies were seen in three patients, each involving <30% of the interface on the AP radiograph. One of these stems subsided 4 mm, but no other adverse effects were seen. Graft-host lucencies were seen in two patients both involving <30% of the interface. Both of these patients subsequently developed further infection. Cortical healing was assessed on AP radiographs, since the lateral films were found to be too variable in quality to allow serial comparison. The areas were divided according to the Gruen zones. 22 In the entire group 123 zones were regarded as requiring cortical healing. , the mean scores for pain improving from 2.8 to 5.1, for function from 1.8 to 3.7 and for range of movement from 3.7 to 5.2. The pre-and postoperative scores for the three categories are shown in Figure 1 . Function is reduced in Charnley C patients, in both pre-and postoperative groups, reflecting comorbidity in these patients, but all groups show a general improvement in each category.
Eradication of infection, by clinical, serological and radiological criteria, was achieved in 49 patients (93%) at a mean of 53 months after second-stage revision using femoral impaction grafting. Three patients have required revision of the socket for aseptic loosening (5.7%), and three have sustained a periprosthetic fracture, all below the tip of the prosthesis (Table VII) .
One non-infected stem was revised at ten months for nonunion of a stress fracture at the tip of the stem. Cultures were negative and revision to a long stem and strut graft was performed. The patient was reviewed 29 months later and remains free from infection with a Charnley score of B 6,5,6 for pain, function and range of movement, respectively.
Other complications are summarised in The combination of considerable bone loss and sepsis is a major technical challenge in revision surgery, and has been suggested by some authors to be a contraindication to using bone graft, since it is their view that allograft may represent a potential sequestrum. 29 We have limited experience with one-stage revision for infection. Two-stage revision should theoretically allow a better environment for the elimination of infection, and would seem to be more appropriate if impaction grafting is being considered.
We reserve femoral impaction grafting for those patients with deficient proximal femoral bone stock. We began using this technique for second-stage revision of the femur in 1989, after our successful experience in the treatment of aseptic loosening. 15, 16, 30 The use of allograft at the second stage has been described by several authors. 2, 14, [31] [32] [33] Alexeeff et al 31 used massive structural allografts in 11 patients and had no further infection at a mean follow-up of four years. Femoral impaction grafting at the second stage of a revision for infection has been described by Berry et al, 33 in which it was used in two patients in combination with an uncemented stem. In one the stem subsided and the other made an uncomplicated recovery. Nestor et al 14 described
17 patients in whom allograft with or without autograft was used to "fill osseous defects at the time of arthroplasty" in conjunction with a porous-coated prosthesis. This may not described the use of morsellised femoral allograft in ten of 22 cases at reimplantation after infection, but it is not clear whether cemented or uncemented components were used and the outcomes were not presented. We have shown a success rate of 93% in the elimination of infection at a mean follow-up of 53 months with results comparable to these of most standard two-stage revisions without the use of allograft bone. Poor prognostic factors were a positive culture at the second stage (two of three became reinfected) and graft-host lucencies on the postoperative radiograph (both of two became reinfected). We have no experience in the use of frozen section at the second stage, but feel that it may be useful. Graft-host lucencies may represent a failure of removal of debris, before impaction, resulting in an increased incidence of reinfection.
Unlike McDonald, Fitzgerald and Ilstrup 34 and others, we showed no significant difference in the incidence of recurrence according to the virulence of the infection. While it may still be too early to confirm osseointegration of impacted femoral allograft bone in the presence of previous infection, cortical healing was visible in 62% of zones in which it was required, graft resorption has not been seen, and graft remodelling was clearly visible in several cases (Fig. 2) . This suggests adequate distribution of load in the proximal femur which may contribute to the good functional outcome scores.
Our clinical results show postoperative scores approaching those for primary arthroplasty. Our medium-term results justify the use of allograft bone in the second stage of revision hip surgery since it gives a low incidence of reinfection and subsidence.
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